Background: Serotonin-noradrenaline reuptake inhibitors (SNRI) are widely used in medical practice. Their discontinuation has been associated with a wide range of symptoms. The aim of this paper is to identify the occurrence, frequency, and features of withdrawal symptoms after SNRI discontinuation. Methods: PRISMA guidelines were followed to conduct a systematic review. Electronic databases included PubMed, the Cochrane Library, Web of Science, and MED-LINE from the inception of each database to June 2017. Titles, abstracts, and topics were searched using a combination of the following terms: "duloxetine" OR "venlafaxine" OR "desvenlafaxine" OR "milnacipran" OR "levomilnacipran" OR "SNRI" OR "second generation antidepressant" OR "serotonin norepinephrine reuptake inhibitor" AND "discontinuation" OR "withdrawal" OR "rebound." Only published trials in the English language were included. Results: Sixty-one reports met the criteria for inclusion. There were 22 doubleblind randomized controlled trials, 6 studies where patients were treated in an open fashion and then randomized to a double-blind controlled phase, 8 open trials, 1 prospective naturalistic study, 1 retrospective study, and 23 case reports. Withdrawal symptoms occurred after discontinuation of any type of SNRI. The prevalence of withdrawal symptoms varied across reports and appeared to be higher with venlafaxine. Symptoms typically ensued within a few days from discontinuation and lasted a few weeks, also with gradual tapering. Late onset and/or a longer persistence of disturbances occurred as well. Conclusions: Clinicians need to add SNRI to the list of drugs potentially inducing withdrawal symptoms upon discontinuation, together with other types of psychotropic drugs. The results of this study challenge the use of SNRI as first-line treatment for mood and anxiety disorders.
Introduction
Withdrawal symptoms have been reported after reduction and/or discontinuation of antidepressant drugs including selective serotonin reuptake inhibitors (SSRI) and serotonin-noradrenaline reuptake inhibitors (SNRI) [1] .
A systematic review of the literature on symptoms following discontinuation of SSRI has documented that such manifestations are actually withdrawal reactions that frequently occur even with gradual tapering of the drug [2] . Withdrawal symptoms can have either an early or a late onset, have a short or a long duration, and may be easily misinterpreted as signs of an impending relapse. SNRI have been reported to produce similar types of discontinuation/withdrawal symptomatologies [1, 3] and yet, to the best of our knowledge, in the English language there has not been a systematic review of the literature on the clinical aspects of SNRI discontinuation.
Such a review appears to be important in view of the fact that SNRI are increasingly prescribed [4] and usually considered the first choice in the treatment of mood and anxiety disorders, both for their efficacy and for their presumed high levels of safety and tolerability [5] . They are also employed in clinical conditions such as chronic pain, functional medical disorders, and menopausal symptoms [5] .
Methods
Data Sources PRISMA guidelines were followed to conduct a systematic review of the literature, reporting or examining the presence of SNRI withdrawal/discontinuation symptoms [6] . Electronic databases included PubMed, the Cochrane Library, Web of Science and MEDLINE from the inception of each database to June 2017. Titles, abstracts and topics were searched using a combination of the following terms: "duloxetine" OR "venlafaxine" OR "desvenlafaxine" OR "milnacipran" OR "levomilnacipran" OR "SNRI" OR "second generation antidepressant" OR "serotonin norepinephrine reuptake inhibitor" AND "discontinuation" OR "withdrawal" OR "rebound." In the Appendix (online suppl. material; see www. karger.com/doi/10.1159/000491524 for all online suppl. material), we report the search strategy that was used. In addition, reference lists and citations of initially identified reports were examined. Additional clinical trials were searched manually. Only published trials in the English language were considered for inclusion.
Study Selection
The search was carried out independently by G.B. and M.L.; disagreements were resolved by consensus among these primary raters and a senior investigator (G.A.F.). Articles were eligible if they reported at least 1 case of withdrawal syndrome after reduction or discontinuation of SNRI. Randomized controlled trials (RCT) were eligible if they compared discontinuation symptoms among groups. We included studies with various designs, such as RCT, open trials, naturalistic prospective studies, retrospective studies, and case reports, selecting only those that considered human adult (age ≥18 years) subjects in a clinical setting. We excluded studies in which the SNRI was administered in combination with another SNRI or another drug.
In order to obtain as much data as possible, full texts of 154 studies testing the efficacy and tolerability of SNRI were analyzed, even though they did not report information on withdrawal in their title or abstract.
Data Extraction
Data were independently extracted by both reviewers with the use of a precoded form. The following data were extracted from studies meeting the criteria for inclusion in the systematic review: study design; age and gender distribution; size and primary diagnosis of the sample; group comparisons; type, duration, dose, and modality of discontinuation of pharmacological treatment; methods used to assess withdrawal symptoms and assessment times; and rates, duration, onset, and qualitative description of withdrawal symptoms. Data about the treatment and management of withdrawal symptoms were extracted from case reports when available.
"Relapse/recurrence," "new withdrawal symptoms," "rebound," and "persistent postwithdrawal disorder" were defined according to the criteria developed by Chouinard and Chouinard [1] ; relapse and recurrence are the gradual return of the original symptoms at the same intensity as before treatment, entailing a return of the same episode and a new episode of illness, respectively; new withdrawal symptoms are classic withdrawal symptoms that are new and not part of the patient's original illness; rebound symptoms are a rapid return of the patient's original symptoms at a greater intensity than before treatment; persistent postwithdrawal disorder consists of the return of the original illness at a greater intensity and/or with additional features of the illness, and/or symptoms related to emerging new disorders, which persist for at least 6 weeks after drug withdrawal. The terms "withdrawal syndromes" and "discontinuation syndromes" were considered to be equivalent.
Data Synthesis
In view of the highly heterogeneous patient populations, differences in the design of the studies and in the assessment methods of discontinuation symptoms, a meta-analysis was not deemed to be appropriate.
Results
The initial search identified 3,193 potentially relevant reports about SNRI withdrawal/discontinuation syndrome (online suppl. Fig. 1 ). After adjusting for duplicates, the abstract and title of 2,344 reports were screened for a first evaluation. Of these, 2,112 did not meet the inclusion criteria and were excluded, mainly because of the language, the sample (neither an adult nor a clinical population), and the involvement of psychotropic drugs other than SNRI or a combination of drugs. A detailed analysis of the full texts of the remaining 232 studies resulted in the elimination of 171 additional studies. Among the latter, 119 did not report data about withdrawal symptoms, 3 did not involve SNRI, 6 were reviews, 4 were posters, 1 was an abstract, 1 reported pooled data, 27 involved a combination of drugs, 2 concerned a nonclinical population, and 7 did not report data about comparisons of discontinuation symptoms among groups. One paper reported data from a post hoc analysis based on Khan et al. [7] and will be described.
A total of 61 reports met the criteria for inclusion in the systematic review. There were 22 double-blind RCT (online suppl. As for duloxetine, 1 study [8] reported a significantly greater incidence of discontinuation-emergent adverse events (DEAE) in duloxetine-treated patients compared to placebo, whereas 2 trials did not [9, 10] .
Both studies that were concerned with the use of venlafaxine [11, 12] reported a significantly greater incidence of DEAE in venlafaxine-treated patients compared to placebo. Symptoms commonly associated with discontinuation were headache, dizziness, nausea, lightheadedness, excessive sweating, irritability, dysphoria, and insomnia.
There were no significant differences with regard to milnacipran [13] and levomilnacipran [14] compared to placebo.
No studies used structured methods for collecting discontinuation symptoms.
Single Drug at Different Doses and Placebo Comparisons In 5 RCT different doses of desvenlafaxine [15, 16] , duloxetine [17, 18] , and venlafaxine [19] were compared with placebo (online suppl. Table 1 ).
In 2 studies using discontinuation-emergent signs and symptoms (DESS) [20] in major depression, the rates of discontinuation symptoms were significantly greater with 50 mg/day desvenlafaxine than with placebo [15, 16] .
The 2 studies that were concerned with the use of duloxetine did not use structured methods of DEAE collection. One disclosed significant differences in DEAE [18] , whereas the other [17] did not.
Allgulander et al. [19] used the Benzodiazepine Withdrawal Symptoms Questionnaire [21] . We calculated a significantly higher incidence of discontinuation symptoms after extended-release (ER) venlafaxine at any dosage (52% with 37.5 mg/day, 35% with 75 mg/day, and 78% with 150 mg/day) compared to placebo (∼12%). It was highest after abrupt discontinuation of 150 mg/day ER venlafaxine.
Multiple Drugs and Placebo Comparisons
Five RCT compared different drugs with placebo (online suppl. Table 1) .
Hartford et al. [22] detected significant differences between venlafaxine (75-225 mg/day) and placebo but not between duloxetine (60-120 mg/day) and placebo in terms of rates of DEAE. Nausea and dizziness were the most frequently reported symptoms. Tourian et al. [23] compared desvenlafaxine at 50 mg/day, desvenlafaxine at 100 mg/day, and duloxetine at 60 mg/day with placebo. Significantly higher mean DESS scores [20] were reported for duloxetine at 60 mg/day and desvenlafaxine at 50 mg/day, and for duloxetine at 60 mg/day and desvenlafaxine at 100 mg/day after 1 and 2 weeks of the taper treatment period.
Goldstein et al. [24] compared duloxetine, fluoxetine, and placebo and did not find significant differences between duloxetine and placebo. Cutler et al. [25] used a modified version of the DESS [20] and found a significantly higher incidence of withdrawal symptoms in the group that received quetiapine at 150 mg/day compared to placebo (24.3 vs. 11.5%) during the 2-week discontinuation/tapering phase, whereas withdrawal symptoms were not significantly higher than with placebo in the groups that received quetiapine and duloxetine at 300 mg/day (17.1 and 17.4%, respectively). In the study of Mahableshwarkar et al. [26] , who used the DESS [20] , there were no significant differences between duloxetine, vortioxetine, and placebo.
Multiple Drug Comparisons
Five reports compared a single SNRI with an SSRI for the treatment of major depression (online suppl. Table 1 ). In 1 investigation reported in 2 papers [27, 28] , paroxetine produced systematically more posttreatment emergent adverse events than milnacipran after 6 and 24 weeks of treatment.
Montgomery et al. [29] found significantly higher DESS scores in the venlafaxine group than in the escitalopram group. Unsteady gait, burning, forgetfulness, shaking, restless feeling, nausea, confusion, sweating, agita-DOI: 10.1159/000491524 tion, fatigue, and dizziness were significantly greater in the venlafaxine group. Sir et al. [30] were unable to detect significant differences between venlafaxine and sertraline, except for tremor, vertigo, and impaired coordination, which were more than twice as common in the venlafaxine group.
Wade et al. [31] did not observe significant differences between duloxetine and escitalopram, except for anxiety, which was significantly greater with escitalopram.
Withdrawal Symptoms in Double-Blind RCT after Open Treatment
In a number of studies patients were treated with an SNRI in an open fashion and then randomized to double-blind drug/placebo controlled continuation (online suppl. Table 2 ).
Single Drug at Different Doses Comparisons
In the trial by Chappell et al. [32] patients received duloxetine at 60 mg/day during an open-label phase of 8 weeks and were then randomized to duloxetine at 60 or 120 mg/day for an additional double-blind period of 52 weeks. All patients receiving duloxetine 60 at mg/day for at least 2 weeks were encouraged to enter a 2-week tapering period. During the tapering phase, there were no significant differences between the 2 doses.
Single Drug and Placebo Comparisons Three reports evaluated the efficacy of SNRI in preventing relapse of major depression. In those studies an open-label treatment phase with duloxetine [33] or desvenlafaxine [34, 35] was followed by a double-blind RCT phase in which duloxetine or desvenlafaxine-treated patients were randomized to receiving the same dose of the study drug or placebo (online suppl. Table 2 ).
Spontaneous reporting did not disclose significant differences between placebo-and duloxetine-treated patients [33] .
Two studies were concerned with the use of desvenlafaxine. In the study by Rickels at al. [34] , DESS scores [20] were significantly higher in patients who were switched to placebo than in those who continued with desvenlafaxine. After the end of the double-blind period, taper/posttherapy-emergent adverse events were reported by 28% of the patients in the placebo group and by 53% of the patients in the desvenlafaxine-treated group [34] . Rosenthal et al. [35] relied on spontaneous reporting and were unable to detect significant differences between desvenlafaxine and placebo.
Comparisons of Different Discontinuation Methods Two studies evaluated the tolerability of different discontinuation methods after treatment of major depression [7] and vasomotor symptoms in healthy postmenopausal women [36] . After the RCT phase, all treatments were interrupted and a follow-up evaluation was done to evaluate discontinuation symptoms (online suppl. Table 2 ).
In the trial by Gallagher et al. [36] the DESS total score [20] was greater the week after complete discontinuation of desvenlafaxine in each of the 4 groups, showing little benefit of the taper regimen in preventing the occurrence of discontinuation symptoms. In the study by Khan et al. [7] the DESS total score increased during the first 2 weeks of the discontinuation phase compared to baseline in all of the treatment groups, without significant differences among groups. Ninan et al. [37] conducted a post hoc analysis on these data, confirming that taper/posttherapy-emergent adverse events occurred in all 3 groups through week 4 of the discontinuation phase, regardless of whether the desvenlafaxine dose was tapered or not.
Withdrawal Symptoms in Open Trials and Naturalistic Prospective/Retrospective Studies
Eight open-label reports evaluated the efficacy and tolerability of venlafaxine [38, 39] , duloxetine [40] [41] [42] , levomilnacipran [43] , and desvenlafaxine [44, 45] (online suppl. Table 3 ).
Most venlafaxine-treated patients experienced discontinuation symptoms, with rates around 75% [38, 39] . In the report by Dallal and Chouinard [38] , patients developed both withdrawal and rebound symptoms, including anxiety, agitation, tremors, vertigo, headache, nausea, tachycardia, tinnitus, and akathisia. In the investigation by Cohen et al. [39] , the most commonly reported discontinuation symptoms were headache, vivid dreams or nightmares, sweating, muscle cramps, and trouble sleeping.
The incidence of DEAE after treatment with duloxetine at 60-120 mg/day ranged from 9.1 to 16.2% in 2 studies [41, 42] . Raskin et al. [40] reported dizziness, anxiety, nausea, headache, insomnia, and irritability. Discontinuation symptoms were reported by 9% of the patients during a down-taper period of up to 4 weeks after the end of the open-label treatment phase with levomilmacipran [43] .
The incidence of taper/poststudy-emergent adverse events after the discontinuation of desvenlafaxine at 200-400 mg/day ranged from 42 to 52% [44, 45] . In both studies the most common discontinuation symptoms were dizziness, nausea, and headache. Tint et al. [46] conducted an open randomized naturalistic prospective study to evaluate whether a short or a longer taper influences the incidence of discontinuation symptoms (online suppl. Table 3 ). Patients treated with fluoxetine, paroxetine, citalopram, fluvoxamine, or venlafaxine for at least 6 weeks were randomized to a 3-day or a 14-day taper period before starting a new antidepressant treatment. Overall, a significant increase in DESS symptoms was observed 5-7 days after tapering, without significant differences between the 2 discontinuation methods.
Baboolal [47] retrospectively reviewed the case notes of 68 patients treated with venlafaxine XR at 37.5-75 mg/ day (online suppl. Table 3 ). The most common discontinuation symptoms were dizziness, nausea, and headache. Other reported symptoms were fatigue, tremor, vomiting, shock-like sensations in the body, diarrhea, bizarre dreams, inability to walk unaided, insomnia, a "bad feeling," sweating, lightheadedness, fear of "going crazy," a crawling sensation on the scalp, fear, and depersonalization. These symptoms were associated with significant impairment in social and occupational functioning in all of the patients.
Withdrawal Symptoms in Case Reports
Venlafaxine We identified 19 case reports of withdrawal symptoms in adult patients (aged 24-76 years) taking venlafaxine [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] . Discontinuation symptoms were reported independently of the treatment duration (from few weeks to years) and discontinuation (abrupt vs. tapered). Symptoms usually appeared within a period of 24-48 h after discontinuation. Venlafaxine withdrawal symptoms generally waned within a period of 3 weeks. However, there were few cases in which these symptoms lasted for months [53] or even years [64] . Only in 1 case did symptoms spontaneously remit in 4 days [59] . Venlafaxine was generally reintroduced to address these symptoms. Other management methods included fluoxetine [48, 51] , chlorpromazine [53] , ondansetron [56] , sertraline [57] , a low dosage of lorazepam [58] , a combination of lorazepam and valproate [60] , and duloxetine [62, 66] . Duloxetine Three case reports of duloxetine withdrawal reactions were retrieved [67] [68] [69] . Withdrawal symptoms appeared between 36 h and 2 days after abrupt or tapered discontinuation of treatment. Nausea was a common symptom overall. Withdrawal symptoms were generally treated through reintroduction of duloxetine [68, 69] or introduction of a different antidepressant [67] , such as fluoxetine [68] (online suppl. Table 4 ).
Milnacipran
Williams et al. [70] reported 1 case of acute neurological syndrome with cerebrovascular and parkinsonian clinical features after abrupt discontinuation of milnacipran. Symptoms disappeared after the reintroduction of milnacipran.
Discussion
The results of this systematic review indicate that withdrawal symptoms may occur after discontinuation of any type of SNRI (venlafaxine, desvenlafaxine, duloxetine, milnacipran, or levomilnacipran). However, the prevalence of withdrawal symptoms was variable and appeared to be higher after discontinuation of venlafaxine. The rates of withdrawal symptoms from both RCT and open trials ranged from 23 to 78% after discontinuation of venlafaxine, from 17.2 to 55% after desvenlafaxine, from 6 to 55% after duloxetine, from 13 to 30% after milnacipran, and from 9 to 10% after levomilnacipran.
In the RCT that reported data about the comparison between SNRI and placebo, withdrawal symptoms were significantly higher after discontinuation of venlafaxine [11, 12, 19, 22] and desvenlafaxine [15, 16, 23, 34] , whereas they did not differ from placebo in most of the trials on duloxetine [9, 10, 17, 22, [24] [25] [26] 33] or in the studies on levomilnacipran [14] and milnacipran [13] . The duration of treatment with venlafaxine or desvenlafaxine was as short as 2 months [11, 15, 16, 23] .
Withdrawal symptoms included a wide range of clinical manifestations (Table 1) , regardless of whether gradual or abrupt discontinuations were implemented, and they were similar to those observed after discontinuation of SSRI [2] . They typically occurred within a few days from drug discontinuation and lasted a few weeks. However, episodes of a longer duration have been reported [53, 60, 64, 69] , suggesting the presence of persistent postwithdrawal disorders [1] . Few studies reported data about rebound of symptoms [19, 38] .
The interpretation of these findings is hampered by several methodological problems. Most studies lacked adequate methods of detection, such as DESS [20] , and relied on spontaneous reports only, leading to an underestimation of withdrawal symptoms [1] and to difficulties in identifying the presence of new withdrawal symptoms, rebound, and persistent postwithdrawal syndromes [1, 71] .
Nonetheless, the results of this systematic review have important clinical implications.
First, even though gradual tapering of SNRI appears to be a reasonable clinical strategy, it does not prevent the onset of withdrawal phenomena. Indeed, we do not have a clear and specific set of sociodemographic, clinical, and neurobiological characteristics that may be associated with increased vulnerability to the onset of withdrawal syndromes. Why, if we have 2 patients with the same psychiatric disorder who have been treated with the same SNRI for the same amount of time and who underwent the same modality of tapering and discontinuation, may we have the occurrence of withdrawal syndrome in one case and not in the other? And why do symptoms persist in certain cases? We urgently need studies exploring variables such as the binding characteristics of SNRI in the brain of patients undergoing tapering and discontinuation. What is the role of patients' attitudes to medication and the treatment setting [72, 73] ? Could manipulation of these variables modulate the intensity of withdrawal phenomena?
Second, recognition of withdrawal symptoms requires careful exploration of the potential symptomatology (Table 1) through specific questioning and/or instruments, in addition to knowledge of the pretreatment status [1, 20, 71, 74, 75] . Symptoms may be easily misidentified as signs of relapse. Withdrawal symptoms are likely to have an early onset, while recurrent symptoms generally present with a gradual return. However, this is only a general tendency and not a rule. The clinical picture may be complicated by the fact that rebound phenomena (a rapid return and worsening of the patient's original symptoms) may also take place with SNRI. Trial designs that assess the effects of discontinuation of AD to infer the efficacy against recurrence (i.e., a significant increase in symptoms in patients whose AD are discontinued compared to those who continue with treatment) are flawed by a lack of consideration of withdrawal events.
Third, the appearance of withdrawal symptoms after SNRI discontinuation may be potentially related to a number of important clinical phenomena which may be subsumed under the rubric of behavioral toxicity [71, 76] and be interpreted according to the oppositional model of tolerance [77] . Continued drug treatment may recruit processes that oppose the initial acute effects of a drug and may lead to a loss of efficacy and/or to a treatmentunresponsive course. When the drug treatment ends, oppositional processes may operate for some time, resulting in the appearance of withdrawal symptoms and/or an increased vulnerability to relapse and/or resist treatment (if it is reinstituted), and/or switching to a bipolar course [77] . Replacing an SNRI with another AD or reintroducing the SNRI that was discontinued may decrease or eliminate withdrawal symptomatology. However, this is a strategy that may be advantageous in the short-term, but that may have deleterious consequences in the long run, since behavioral toxicity is a cumulative phenomenon that may occur regardless of the type of AD that is used [77] . Fourth, even when withdrawal symptoms are properly recognized, their clinical management is hindered by the complexity of the involved variables and the lack of appropriate research. Informing patients that the symptoms are likely to be short-lived and pose no threat may be a reassuring step [3] , even though it may be misleading in certain cases and induce uncertainty and anxiety in other cases. Pharmacological strategies other than reintroducing or changing AD (e.g., benzodiazepines and antiepileptic drugs) have been used in case reports, yet we have no RCT that have tested management strategies against placebo [3] .
Finally, a rational use of AD depends on the balance of potential benefits and adverse effects applied to the individual patient [78] . However, currently the physician prescribing SNRI is driven by an overestimated consideration of the potential benefits and neglect of the potential vulnerabilities to the adverse effects of treatment, such as dependence-and-withdrawal phenomena. This bias has been clearly outlined in 2 reviews on venlafaxine and duloxetine that have taken unpublished data into consideration and that challenge the use of SNRI as first-line treatment of mood and anxiety disorders [79, 80] . Our systematic review was based on published findings only and is thus likely to have underestimated the frequency and severity of withdrawal reactions, particularly with regard to the latest SNRI.
Clinicians are familiar with the withdrawal phenomena that may occur from alcohol, benzodiazepines, barbiturates, opioids, and stimulants [81] . The results of this review indicate that they need to add SNRI to the list of drugs potentially inducing withdrawal phenomena, as was found to be the case with SSRI [2] , and the physician should exercise caution when prescribing them (particularly venlafaxine and desvenlafaxine) in mood and anxiety disorders. Considerable attention should also be used in the setting of chronic pain (e.g. duloxetine [82] ), functional medical disorders and menopausal symptoms.
The term "discontinuation syndrome" has progressively replaced "withdrawal syndrome" in the antidepressant literature. This shift was heavily supported by the pharmaceutical industry and was aimed to emphasizing that antidepressants do not cause addiction or dependence and symptoms are substantially different from the phenomena that take place with benzodiazepines [2, 78] . The term "discontinuation syndrome" minimizes the vulnerabilities induced by SNRI and should be replaced by "withdrawal syndrome."
